The CBM SIS100 program for hadronic
observables

Norbert Herrmann, Universitat Heidelberg
Claudia Hohne, Universitat Giessen & GSI
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Field driven by experimental data!

Need: ~ 2-40 AGeV beam energies

Hadronic probes in heavy-ion collisions (SIS 100)
- Thermalization, Multi-s-Baryons, Flow, Fluctuations
-> kaonic clusters, hypernuclei

Outline: QCD phase diagram
Strategy of CBM
Conclusion
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Baryon density

« SIS 100 beam energy range for Au: up to 11 AGeV (Vs\\=4.7 GeV)
« High baryon-densities can be probed at SIS 100

» Expected to persist for a few fm/c

» Characteristics of matter created?

5 A GeV Au + Au (b=0): p(0,0,0.1)
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y — lon Collisions

Hadrons:
* Infinal state: thermalized?
* From ,before”: relicts from high density phase still carrying information?

Penetrating probes: ... not this talk ...

charm

s
ey

8“
prompty  thermal y psete/uty decayy ° resonance
decays
Hard probes Penetrating probes Freeze-out
(initial state) (integrate over collision history) (final state particles)
“Relicts”
1‘*% (produced in dense phase) Thermalized (?) hadrons
»68s <
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Particle yields from central Au+Au/
Pb+Pb collisions

Knowledge about strange
(anti-)baryons in FAIR energy
range is rather limited

Validity of thermal model for
low energies?

Note:
Direct multi-strange hyperon production:

pp - EK'K'p  (Ey =3.7 GeV)
pp —> QKKK (Ey = 7.0 GeV)
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chemical potential u (MeV)

Assumption:

thermodynamic equilibrium
(Canonical ensemble at lower
energies)

Equilibrium as signature
for phase transition?
Multi-strange Baryons?
¢-meson?

Data sources:

A. Andronic, P. Braun-Munzinger, J. Stachel,
Nucl. Phys. A772 (2006) 167

J. Cleymans, H. Oeschler, K. Redlich, S.
Wheaton,
Phys. Rev. C73 (2006) 034905

G. Agakishiev et al. (HADES), Eur. Phys.J.
A47 (2011) 21

Errors include systematic errors (if given)
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D-threshold =- - production

Ar+KCl reactions at 1.76A GeV
« =" yield by appr. factor 25 higher than thermal yield
» strangeness exchange reactions like

— G. Agakishiev et al. (HADES), PRL103, 132301, (2009)
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: Subthreshold Kaons (KAOS)

C.Sturm et al. (KaoS), PRL 86 (2001) 39

Strong sensitivity to EOS due to multistep

0L KaoS L production (formation of nucleon
a, = .
S b ey s I, resonances)
4 -« Au+Au
> - . => =
= . CaC soft EOS (K=200)
4 C. Fuchs et al., PRL 86 (2001) 1974
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d < P, / A> P. Danielewicz et al.
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Flow of protons as “classical” EOS variable:

» Protons represent only minor part of matter at low energies: deuterons, clusters?
* No consistent model description available so far

Uncertainty in data at 1 GeV/A corresponds to uncertainty in K of 150 MeV

» Largest sensitivity to model parameters (EOS) in energy range 2 — 5 AGeV

<
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Flow of charged kaons

. . . . V.Zi k [. (FOPI
Properties of mesons in Ni+Ni at 1.91 AGeV PRC 80 (3:3?4)(025230

matter?
Models with FOPI acceptance filter
Indications from kaon flow:  V;{ g2f@ — usop ’
. . L — [QMD p

K* repulsive potential
K- attractive potential .

0.1 V2

Sensitivity seen, however:  ,
Statistics limited! v,

0.1F

0:
Transport here use

potentials with linear '0-‘;# il QoMb +

—4— :
density dependence: v S | | m .
1 0.2—(e)+ °K| | )
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Kaons show large flow at AGS energies!
- Kaon flow as barometer in HI collisions?

> Calibrate probe by systematic measurements! centrality, system size, sy,

Data: P. Chung et al. (E895), PRL85, 940 (2000)
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6GeV Sideward Flow (b<7fm)
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Theo: S. Pal et al., Phys.Rev.C62:061903, (2000)
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ations and critical point

Net-Proton Fluctuations in 18 :Ietfmt::n- t RHIC 5-
L Au+Au collisions a i
BES (STAR) = [osreumzoycos o B

‘Low’ energy data limited by
statistics

Fluctuations for energies
sy < 7 GeV ?
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L. Adamczyk et al. (STAR Collaboration),
Phys. Rev. Lett. 112, 032302 (2014)
Vv J. Thaeder, QM2015 L
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5 exploring dense QCD matter

CBM: high
high rate experiment! het-baryon
J P ' densities
AN OpenS up new §' 107E e |
possibilities! — - sis100  sis300
-9 1065_ erereeipnseensceeest A S AR ........
« High statistics and good CCICU :
systematics on hadronic = 10°-
observables shown [ & HADES
before: O L aal — .
multi-s baryons, flow, © 10 = | N ?
fluctuations 9 : .
I= 1035_ . STARF. o STAR EES_'__'____\,_
) NeW (eXOtiC) E P % NAG61/SHINE
Observables: 102§ . T ( ey
kaonic clusters, - /
hypernuclei 10 ¢ ¥
K  BM@N - NAgO+
" 1
. 2 ' Collision Energy ({syy) [GeV
&
\ACD C. Héhne, N. Herrmann ( ollision Energy ( SNN) [ € ] 13



ts of high density phase(?)

Kaonic molecules _
Hypernuclei
T.Yamazaki and Y. Akaishi, Phys. Rev. C76 (2007) 045201

Y. Akaishi, T.Yamazaki, Phys.Rev.C65, 044005 (2002)
T.Yamazaki and Y. Akaishi, Phys.Lett.B535, 70 (2002)

N-N

~ close to free

A*(/=0,K-p)

mmr Ui

1y, f

T=¢a+¢b

Decay by strong interaction (ppK~)—> A+ p Decay by weak interaction

FINUDA M=2255+9 MeV, I'=64+14 MeV Production in HI — collisions?
DISTO M=2265+2 MeV, I'=118+8 MeV Recently: STAR, ALICE
%‘;9@ Heavier clusters, e.g.: (pan‘)—> A+d Double strange hypernuclei??
PO oS €
DD
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n production in Ni+Ni at 2 AGeV

Y.P. Zhang, PhD thesis,

= 104 Heidelberg
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trangeness — Correlation

.... If becoming reality: e S Zhang et al., Phys.Lott. B634, 224 (2010)

"\ __aH _ g

Proposal: Observable being 14 -1 Hox & —F— Melting AMPT+Coal T

sensitive to deconfinement! 12 - T Defau AT Coal .

N ® [EB64/AGS (expt. data) |

_ O 1| IAp | ol

Compare ,t/°He production to A/p: & L -4 Melting AMPT l

Local correlation between baryon 2 08 [ -¢-Default AMPT .

number and strangeness 0.6 - ll -

04 | ."”A _____ iR " '"'%f: ‘;‘ 1

I I - "f ]

e B 4He:-c% ﬁ o ]

0 L ool L Lol
1 10 107
\lsyy (GeV)
Region A1 Region A2
A{PHe 0.029 +/- 0.002 <0.003 +/- 0.002
Alp 0.0020 +/- 0.0005 0.0028 +/- 0.0005
v WtPHe / Alp 10 +/- 3 <0.95+/-0.6
. On
)t‘i?%f%‘
DD
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ryonic bound states

Whole range of predictions/ proposals well accessible at SIS 100 energies:

« Single and double strange hypernuclei in heavy ion collisions
« Strange matter in the form of strange dibaryons and heavy multi-strange short-
lived objects.

A. Andronic, P. Braun-Munzinger, J. Stachel, H. Stocker, H. Stocker et al., Nucl. Phys. A 827 (2009) 624c
Phys. Lett. B697 (2011) 203
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= - . - 1E-44 (5,2} e 1E-4
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s ) 4 O 1E7 e 1E-7
ﬂ) = —
= AR . 1 o 1ES “ 1E-8
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Signal found consistently in FOPI 2003 and 2008 data.
Inconsistent with cusp (X — d — threshold) and FINUDA.

<
) D

dN/dM.  (counts)

Ni+Ni at 1.91 AGeV

— correlations

: | Signal=261.227
1 T L e I e
- Slgmf-5 25405 |
200 I S— SB=0:118161
150 T
100 E“I‘ ---------------------------- --------------------------- ---------------
b SN S
ok B
. ndt 1526 [ i 14
60 Pl 40794 . 15.61._
3166:I: 0.1197E-01
40 03514501:|: __________ 9_9_?(1_1_'_5__9_1___
20 AN -------------------------------------------
0 +|‘+++*=?'—++~+’f|d—'++++ e
L [
3.6 3.8
InV(GeV)

(FOPI, unpublished)

rms distance

(pan‘)—>A+d

Current scenario:
Data taking: 2 weeks,
DAQ rate: 1kHz
Event sample: ~ 100 M events,
Statistical significance: ~ 5,
Production probability: P ~ 10

Significance does not include
LEE — Look elsewhere effect (?)

Needed :
Sensitivity at level P ~ 10
Significant increase of DAQ rate

QCD matter: dense and hot, Hirschegg, January 2016 18



cle ID: Au+Au @ 10AGeV

Y.Vasiliev (GSI)

10 15
ap (GeV/c)
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SIS 100- Hyperons

« CBM: Silicon Tracking system for fast and high resolution tracking
« Simulation: central (b=0fm) Au+Au collisions at 8 AGeV, 1M events

« Massively parallel data reconstruction and selection in real-time
« 100 kHz archival rate:

- 500k Q- /week
- flow, correlations, ...
—> strange hypernuclei?

108 o ~ 100~
o | o 107 w11k RS
N | I\ asm % | >
g 10° ' . | §
g ' S ; -
~ ‘ F = 23.4% g eff =7.2% ~— eff = 4.2%
8 | ¢ S99 - ;‘ g 50
= i S/Bg=5.3 2102 -"1,J S/Bg = 41 .g
' | .
g | Jt ™ E
] > H j :‘y m
107 :rm.
: . ?,: "
! L 1‘ '-. ?h A |
1.3 l.4 1.5 1.6 o

{ |
1.6 1.8 2 22 24
m,,, K'A (GeV/c?)

m,,, TA (GeV/c?)

.0
»55a <

@
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Run time in 10 MHz mode:

Run time in 100 kHz mode:

ITD
4 C. Hohne, N. Herrmann

rticle selection: p - candidates

Central Au+Au at 10 AGeV from UrQMD
current global track — TofHit matching performance

total efficiency: =036

contamination: K=4.
Event selection rate: R=R - f_ ‘P . - &-(1+k)
@10MHz: R=10":0.1-7-107-0.36-5.Hz
=12.6 kHz
AT(10° p) =40 s time on target to archive 100.000 p.

Extrapolation to central Au+Au at 4 AGeV:

total efficiency: £=0.55
background scaled

contamination: k =1000. with total multiplicity
Event selection rate: R=R - f,_, ‘P, ,. * &:(1+k)

@10MHz: R=10"-0.1-1.5-10"-0.55-1.10°Hz =8.2 kHz
AT(10° p) =35h

@100kHz: R=10"-0.1-1.5-10"-0.55Hz =8 Hz

AT(10° p) =350 h=14d

QCD matter: dense and hot, Hirschegg, January 2016 21




ntiproton & lon research

Building application for SIS 100 handed in end of 2015
Submission of building application for CBM cave will follow this year

109%/s C, Ca, ... up to 14 GeV/u = _\/ /. _M—
10"/s p up to 29 GeV | FAIR phase 1

o . TIVIIIIG, IN. TITI1111Allll WWwiJ 1HIAllTl . UTIIOT allu 11VL, THIIOVIITYY, valluadly 4V 1V



n view of FAIR delay

Install, commission and use 10% of the CBM TOF modules
including read-out chain at STAR/RHIC

=

B fixed target pos.
colhder,v_e_rtex (~500 cm)
*  (~250cm) s

VAR CBM MRPC active area
;8 8 9<— CBM electronics

Participatibn in STAR Beam Energy Scan (BES Il) in 2019/2020
Operation of ~30 CBM TOF modules and electronics (A~10m? , ~10.000 channels)

Benefits
» Get experience with detector system, develop online calibration and monitoring tools
» Develop TOF analysis strategies for particle ID under experimental conditions
» Participate in physics analysis (e.g. baryon and strangeness fluctuations)
4 » Complementary to CBM: low rate, high energy, 7.7 GeV < /syy < 20 GeV

g
PR €

b T e
&9 (D
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Ics program at SIS 100

Hadronic observables

* Multi-strange Baryons, (¢-meson)
- thermalization?
- sensitivity to EOS, baryon density, QCD phase

 Flow
—> sensitivity to EOS
—> extend to strangeness sector!

* Fluctuations of baryons, strangeness, net-charge, ....
—> sensitivity to phase transition, CP?

« Exotic strange objects: hypernuclei, kaonic molecules

Di-leptons (penetrating probes) — not covered here

* Photons, low-mass vector mesons, Charm sector
—> electromagnetic radiation from baryon dense phase
QCD phase, phase transition, baryon dynamics in medium, ...?

+ CBM: high statistics, systematic measurements (centrality, system size, \Vsy,)

>«§4
&

U‘O%qq
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Dileptons at CBM

Low- ! Intermediate-

o [AI I'Dr'e'es']

...SIS 300
JIY

Drell-Yan

_ :  High-Mass Region
>10fm § >1fm |} <0.1fm
. % PP S P P B
0 1 2 3 B 5

v
.3
>3 'p‘;@‘
4 C. Hohne, N. Herrmann

@C'S P

mass IGeV102|

Photons: access to early
temperatures
—> excitation function?

Low-mass vector mesons: in-
medium properties of p

—> strength due to coupling to
baryons (see HADES)

-> go to real dense matter!

Intermediate range: acces to
fireball radiation (see NAGO):
QGP, 47- or p-a, chiral mixing
-> quarkyonic phase?

J/y: charm as a probe for dense
baryonic / partonic matter

—> propagation of charm?

—> distribution amongst hadrons?

QCD matter: dense and hot, Hirschegg, January 2016
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Dileptons at CBM

* Photons: access to early
temperatures
—> excitation function?

400 - [Rapp, Hees, PLB 753 (2016) 586]

. o  Low-mass vector mesons: in-
350 Central AA Collisions

= medium properties of p

—> strength due to coupling to
_§_5 baryons (see HADES)

T -> go to real dense matter!

>
) C ]
2 200F ¢
. E i & — . : E / |
150 7/ - Intermediate range: acces to

4 : i it -
100F - o-oT (M=15-2.5GeV) : < fireball radiation (seg NA(_SQ).
- TS 3 QGP, 47- or p-a, chiral mixing
E Y= g —> quarkyonic phase?

O ———""""% "0
"% (GeV) « Jhy: charm as a probe for dense
baryonic / partonic matter
—> propagation of charm?
¥ - distribution amongst hadrons?
e.8
»55a <
DD
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ary / Conclusion

Phase structure of QCD will not be revealed by a single measurement.

QCD matter physics needs a facility for systematic studies.
and a third generation experiment -> CBM
rate capability: 10 MHz interaction rate

CBM physics program
many open physics questions
EOS
in-medium modifications of hadrons
phase transition to quarkyonic matter (?)
substantial discovery potential at SIS100/ 300
significant contribution to STAR BESII run

CBM strategy
systematic measurement of multi-dimensional observables of (rare)
probes; use detector components as tool kit.

CBM status
well advanced with respect to overall FAIR timeline.

h 4

D o
B
oﬁw‘e -

<

<
b
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